In this contribution, we report investigation of metal supported cells with a La 0.1 Sr 0.9 TiO 3-α °C and at a cell voltage of 0.7 V, the typically achieved power density value is up to 0.40 W cm -2 . With less than 2% variation for 50 cycles, the OCV showed an excellent stability as a function of redox cycles, demonstrating that an electrolyte as thin as 3 µm maintains its integrity, despite the harsh operating conditions. This highlights the potential of perovskite based fuel electrodes in metal supported cells, and paves the way to the next generation of cells' design.
Solid Oxide Fuel Cells (SOFCs) are one of the most attractive energy conversion devices, owing to the potential of operating at high efficiency in standalone condition. SOFCs do not require noble metals for catalysis in electrodes and may use a variety of fuels including hydrocarbons, CO and bio-fuels, besides hydrogen. These low-noise energy convertors thus offer very high potential in stationary application and combined heat and power units (CHP) for decentralized energy. Despite all the promising advantages and the unparalleled progress in its power output, SOFC faces critical challenges in term of its poor reliability, low durability and high cost. Unless addressed meticulously, these obstacles will impede largescale commercialization of fuel cells. Reliability and durability are adversely affected by a number of factors of which the following two can be considered as the route cause: (i) high operating temperatures (800 -1000 °C ) of SOFC and (ii) the need to use materials that provide multiple functionalities. It includes structural support, electrochemical activity, and electrical or ionic conduction, as well as at the same time compatibility with neighboring components during the manufacturing process and fuel cell operation. This has so far made an optimization of each individual functionality impossible.
Improving the anode compartment of the SOFC can address several issues of cell degradation in static and cyclic conditions including: Ni coalescence and agglomeration, carbon and Sulphur tolerance, robustness of the cell during thermal and redox cycling [1] [2] [3] [4] [5] .
To overcome these issues we propose to split the functionality of anode materials, thus relaxing the stringent materials demands and opening the way for these necessary improvements. A-site or B-site substituted SrTiO 3 based perovskites have demonstrated high electrical conductivity after thermal treatment in reducing atmosphere, compatible thermal expansion coefficient with neighboring ceramic layers, excellent dimensional stability upon redox cycling and superior sulphur tolerance [6] [7] [8] making it a promising substitute to the state of art cermet as anode material. Nonetheless, the relatively poor mechanical property shown by perovskite anode materials makes difficult their implementation into anode supported cell architecture [9, 10] . In this respect, metal supported cell (MSC) architecture, where a porous metal substrate provides the mechanical strength to the thin ceramic functional layers, is especially attractive for the use of perovskite based anode materials due to its unique properties, including cost-effective material options, improved mechanical robustness, thermal shock resistance and fast start-up capability [11] [12] [13] . As disadvantages, conventional ferritic steel support materials have to be process in protection atmosphere to avoid oxidation and the diffusion of the Fe and other elements, for example Cr, into the electrode material at high temperature is harmful for the long-term performance of the cell [11] [12] .
As a key component, a gas-tight and ionic-conductive ceramic electrolyte in an SOFC provide pathways for oxygen ions, block electrons and separate the fuel gas and air. It is favorable to equip the SOFCs in general with electrolyte as thin as possible to enhance their electrochemical performance by reducing significantly the ohmic losses [14, 15] . Nowadays, state of the art MSCs, production of thin gas tight electrolyte is made either by sintering or plasma spraying. The former process at high temperature up to 1400 °C is highly challenging [16] while the latter often result in thick electrolyte with high ASR [12] . As a mature technology, physical vapor deposition (PVD) performed at low temperature (400-800 °C )
provide an attractive option for the fabrication of hermitic thin electrolyte on metal supports avoiding processing steps at high temperature [17, 18] . 
Electrolyte layer
The electrolyte layer is a combination of a Zr 0.84 Y 0.16 O 2-α (YSZ) nano-porous layer together with a YSZ/GDC gas tight double layer produced by physical vapor deposition (PVD). Thinfilm YSZ layer is first deposited by dip-coating of aqueous YSZ nano-suspension. The experimental details are reported elsewhere [19] . YSZ (0.5 m) and GDC (2 m) double layers are fabricated by electron beam physical vapor deposition (EB-PVD) method.
Leak rates are measured by using the pressure-rise method, where a vacuum is applied on the side with the gas tight electrolyte layer. The time until the pressure rises to ambient conditions is then measured. The leak rate is determined at a pressure difference of 100 mbar in regard to ambient pressure which is defined as the maximum allowed pressure difference between both electrodes as a pressure difference higher than 100 mbar may cause damages to the cell in the stack. In order to compare cells with different areas such as button cells and stack size cells, an area specific leak rate is then calculated based on the sealed area.
Catalytic nickel infiltration
A concentrated aqueous solution with 70. 
Electrochemical testing

Performance and durability
The type A MSC, containing infiltrated nickel, was tested in an open flanges set-up in radial configuration supplied by FIAXELL (Switzerland) by using gold grids (640 mesh cm -2 ) as current collectors. Gold was chosen to avoid any catalytic contribution to oxidation of hydrogen. A finer platinum grid (1024 mesh cm -2 ) was added to the cathode side to improve the current collecting since the cathode layers were not well sintered before measurements.
The temperature was step-wise increased from room temperature up to the working temperature (5 °C min -1 ) in synthetic air (100 mL min -1 ) at the cathode and in dry Argon (100 mL min -1 ) at the anode. At the working temperature, the H 2 content of the feeding gas was slowly increased at a constant gas flow rate to reach 80 mL min still in Ar. This cooling-heating process was regarded as one thermal cycle (step 2).
Capability of the cell to withstand such event is also a factor of performance [20] . After step 2, since preliminary measurements on single cells based on nickel-containing NiCrAl foam
showed that the power density increased slightly with time (for 160 h) during isothermal ageing at 757 °C in dry hydrogen at OCV, an isothermal treatment was performed at OCV at 757 °C in dry argon for 456 h (step 3). No forced redox cycle was performed.
Tolerance towards redox cycles
The type B MSC, with pore forming agent in the substrate and infiltrated catalytic nickel was tested against redox cycles in co-flow configuration. The cell was mounted in a twoatmosphere chamber, using gold sealing. Anode was contacted with a coarse nickel mesh (1024 mesh cm -2 ), while cathode was contacted with a fine Pt mesh (3600 mesh cm -2 ). The effective contacted area was 16 cm².
The cell is first heated from room temperature to working temperature (750 °C ) at 3 °C min -1 with Ar gas at the anode and air at the cathode side. 
Results and Discussion
The major objective of the present work is to evaluate the performance and durability of the novel MSCs types by performing series of electrochemical tests (e.g., polarization curves, impedances and voltage stability tests) and the robustness against redox cycles as further detailed below. 
Leak-rate and tightness
Performance and degradation
The electrochemical performance of cells was evaluated by performing polarization curves and impedance measurements of the initial cells. Figure 1 illustrates experimentally measured voltage and power density curves as functions of current density (I-V-P curves) for five steps at 757 °C in H 2 -Ar/Air. No limiting current density was evidenced from I-V curves ( Figure   1 ). This suggests that the physical properties of both electrodes (e.g. porosity and pore tortuosity) as well as parameters of the experimental set-up are appropriate to avoid any masstransport limitations [22] . In the chosen experimental conditions, the cell voltage decreases linearly with increase of current density, in agreement with previous published results on single cells comprising LST-based anodes and operating between 650 and 850 °C [23] [24] [25] [26] [27] [28] [29] .
The linearity of I-V curves suggests the ohmic cell resistance to be predominant. This resistance consists of contributions from ohmic losses due to current collection, ions transfer through the electrolyte and electrode current constrictions [30] . The responses at different interfaces also contribute to these losses. In tested conditions, the initial value of power density at 0.7 V of type A MSC is equal to 0.281 W cm -2 , with an OCV of 0.94 V (Figure 1 ).
The MPD value is of 0.363 W cm -2 . The performance is at an acceptable value when compared with those reported in the literature for metal-supported or ceramic-supported cells with a LST anode [31] , although the performance is strongly influenced by the microstructures of both electrodes and electrolyte thickness. The initial MPD value is higher than those recorded for electrolyte-supported cells (electrolyte thickness: ~ 500-600 m)
comprising nickel-impregnated LST-GDC anodes in wet hydrogen at 800 °C (~ 0. Three main contributions can be evidenced in the cell impedance, especially after degradation of the performance (Figure 2) . A detailed assignment of the impedance responses of type A MSC is beyond the scope of this paper, thus all impedance diagrams were fitted using the transfer and mass transfer) [6, 34] . At temperatures above 650 °C in dry or wet hydrogen, the impedance of a LST-based composite anode was found to be composed by two or three contributions [32, 33, [36] [37] [38] . According to a differential impedance spectroscopy analysis, four distinct electrode processes were determined for a LST-GDC anode and a LSM-YSZ cathode deposited on a thin scandium-doped ceria stabilized zirconia electrolyte [39] . The frequency distribution of type A MSC impedance is not significantly modified during and after different steps (Figures 2 and 3 ), indicating that no additional significant feature contributes to this impedance. Accordingly, the chosen electrical equivalent circuit can be regarded as meaningful to describe the recorded behaviors in tested conditions.
The initial performance observed in Figure 1 is related to series (R s ) and polarization (R p ) resistances as low as 0.46  cm 2 and 0.11  cm 2 ( Figure 2 is in agreement with values determined for Ni-GDC infiltrated LST anodes at 750 °C in wet hydrogen at OCV [37] . According to an elementary kinetic model developed for LST-based anodes [42] , this contribution corresponds to an ionic exchange step at the anode. 1000 h at 600 °C because the microstructure of the infiltrated anode showed no significant variation [35] . On the other hand, the MPD of a stainless steel-supported SOFC declined after operation at OCV for 60 h at 650 °C [43] . The observed decrease was mainly related to an OCV drop suggesting that the electrolyte layer started to crack yielding an increasing polarization resistance and a constant series resistance. For type A MSC, the OCV remains nearly constant and the occurrence of fatal cracks in the multi-layered electrolyte is unlikely.
The lower performance can be due to a degradation of oxygen transport through the cell [42] .
An argument in favor of this assumption is that the degradation of the electrode/electrolyte interface (without any additional insulating phases) results predominantly in an increase of the polarization resistance without any modification of the frequency distribution of the cell impedance [44] . Indeed, additional insulating phases should alter this frequency distribution [45] .
The performance decrease is smaller after a thermal cycle between 757 °C and room temperature (step 2) (Figure 1 ). The OCV remains nearly unchanged (0.90 V), the power density at 0.7 V is 0.128 W cm -2 and the MPD is of 0.190 W cm -2 . At OCV, the degradation is related to an increase of series (R s = 0.59  cm 2 ) and polarization (R p = 0.46  cm 2 )
resistances. Both R MF and R LF remain unchanged and R HF rises up to 0.34  cm 2 . The higher series resistance results in a higher slope of the I-V curve. Previously published reports have
shown that LST-GDC-Ni anodes exhibited a good thermal stability (i.e. no performance degradation) after successive thermal cycles from the operating temperature of 700 °C or 900 °C down to 550 °C or 700 °C , respectively [29, 46] . Nevertheless, a direct comparison of cell degradation or cell stability during thermal cycling is difficult due to differences in experimental parameters including heating-cooling rates, temperature range or number of thermal cycles. Indeed, the polarization resistance was shown to decrease for 50 cycles between 600 and 170 °C, but it increased during subsequent 50 cycles leading globally to a decrease of MPD [47] . The decline was mainly related to the cathode degradation. Since R s and R HF exhibit the main variations, the recorded degradation can be due to a further alteration of current collecting during step 2.
After an isothermal ageing at OCV for 456 h in argon (step 3), no significant degradation of performance is evidenced at 757 °C (Figure 1) . Indeed, the series resistance slightly decreases (R s = 0.57  cm 2 ) and the polarization resistance increases only by a factor 1.2 (R p = 0.54  cm 2 ). This suggests that the anode atmosphere should also affect the magnitude of the ageing effect.
Another operating period under a current load (0. electrodes [34, 53] . However, a decline of current collecting performance is to expect, while the series resistance is not affected in the chosen conditions. Therefore, a Ni particle agglomeration is unlikely to explain the observed behavior of the MF contribution. The recorded increase can be thus related with a degradation of the oxygen reduction process. It is worth mentioning that a partial delamination of LSCF is not in contradiction with the increase of HF resistance.
The OCV drop after step 4 may suggest an increased leakage between the anode and cathode compartments. One may hypothesize appearance of cracks in the double layer electrolyte [43] . Though, visual inspection of the cell after test could not evidence a massive cracking, initiation and propagation of cracks at the pinhole defects, due to thermo-mechanical stresses induced by the leakage and the burning of the fuel cannot be excluded. Thus the exact origin of this OCV drop remains unclear and further detailed post mortem microstructural analysis would be required in order to elucidate this. Regardless the magnitude of the decline of performance, a striking result is that the investigated cell is still working after 1392 h of isothermal ageing. This suggests that the robustness of the cell is improved with a double electrolyte layer [19] .
Redox Tolerance
At 750 number 1) , and between the gas tight PVD layer and the nanoporous supporting YSZ Layer (denoted with the number 2).
